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REPORT No. 7’7.

THE PARKER VARIABLE CAMBER WING.l

By H. F. PARKZE.

[Mmductim+l?ibs&uotnre--RfbteslwOondMoneoft@ ReenItsoftak-AwodynemLc&itee&DteeuMonOfWfndtunmhmks; Mono.
Phil= biplanq tdP~UIIUW.]

INTRODUCTION.

The most important single problem in aeronautics awaiting solution is that of incre-
the speed range of airplanes. In recent yem maximuni speeds have been incrertsed very
greatly, and will no doubt be still further increased, but each addition h= been accompanied
by an increase in the landing speed. The hiding speed has always been about half the nuwkuum
and could not be reduced below that amount without entailing the expenditure of additionid

.-

power. This is due primarily to the properti= of the type of wing which h= been used.
In flying, the method utilized ta change the speed is to alter the mgle of attack of the

planea. This must also be accompanied by an alteration in the power output of the engine if
the machine is to be kept flying level. Manipulation of the engine throttle without altmation
of the angle of the planes will not cause a chauge in speed; the machine will ascend or decend it
its former speed. The speed is therefore dependent on the angle of attack If this couId be
efficiently vxried from a very small to a very huge mgle, a wide range of speeds could ba obtained.
Two things prevent this: First, the lift does not increase directly with the angje of incidence for
all angles. It does do so up to about 15° but for greater angles, instead of increasing, the lift
actually falls off. Thie falIing off occurs k all types of wings though in some cases it is only
slight and in others very considerable. It is well shown in the lift curves in figure 14, and is
also apparent in all the other lifti curves shown in this reporfiin figures 8, 17, and 20. Conse-
quently no increase in speed range can be obtained by incre=ing the angle of incidence beyond
15°. Second, the efficiency”of the plane is not maintained at low w@=. As the incidence is
reduced from the maximum of 15°, both the lift and the drag decrease, the drag at first fslling
off more rapidly than the lift. At about 3° a point is reached where the ratio of lift to drag is
a+maximum. This is the most efiicient flying angle for the plane. As the incidence is further
decreased, the lift continues to fail off rapidly. The drag, howeverJ decreases more sIowly,
being a minimum at zero incidepce. For negative angles it again increases.

This means that the ratio of lift to drag falls off very rapidly, and the wings of a machine
flying at a smaller angle of incidence thau 3° offer more resistance than they do at that angle.
The line from which these anglea are measured is the chord of the aerofoil, i. e., the common
tangent to the lower surface. It will be noticed that this is not necessarily the position in which
the wing gives no lift. Most wings give a considerable lift when their chord line is parallel to
the direction of the air flow, and this lift ody becomee zero when the nose of tie wiJ.&is about
3° beIow the trailing edge. fi fact, fa+ machines frequently fly with their planea set at negative
angles.

If a maximum speed of .doulle the”*urn is to be obtained, the machine must fly under
the inefficient conditions existing at these small positive or even small negative tingles of inci-
dence. fi it is to be more than double, as it mmt be in order to obtain a reasonable landing

1At tbe tfmeme wingm dedmd it WMW. .Perk=!sIMMtht he - m~d betitoI08tf0h oPamtim. M=Wuent -ation
Micah thet thfsISnot a at least fw* fib = nowdmkr.ui. ~a fmflexingthe wingmehnkdlg emnot dfemaeed.-E4.
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speed in machines flying at over 100 miles an hour, the smalI lift necwmry at high speeds is
accompanied by a prohibitive drag,

The problem of increasing the speed range may be approached in a number of w-ays,but
confining ourselves to devicw applicable to the p-ent type of airplane, which elimimdm tho
helicopter and similar machines, there are three ways by which a solution might be achhwcd.
These are:

Variable angle of inc.iclencc.
Variable surface.
Variable camber:

Each of these presents groat mechanical difficulties, but the.first iEthe easiest of attark and
has consequently approached nearer a solution than either of the other two. It ofhre two advan-
tagw: Fi.mt, the axis of the fuselage can be kept parallel to tho path of flight at allspeeds, thus

,- securing a minimum drag over the entire speed range, In the present machine, having the
wings fixed in relation to the fuselage, the fuselage is at a considerable anglo to tho flight path
over a portion of the speed range. Under”these”“conditions the variable incidence machino is
more efficient than the prescmttype. Ovw that portion of the speed range ?vhme the fugolago
of the stanch-wdmachine lies.along the flight path, or only a few dcgrc~ from it, t,homwinblc
incidence machine ohs little or no advantage. Second, the wings of the -nwiahlo incidenco
machine can be tilted to a much greater an@ than is possible in the present machine. This
permits the machino to bo lmmght to rest more rapidly. It does not, however, reduce iti-mini-
mum flying speed. Thus the advantages of variable ipcideneo, though well worth attainment,
do not-provide a sufficiently complete solution of the problem.

The next for consideration is variable surface. Theoretically, thii gi-vesa pmfcct solution.
Ejhe W* of,the airplane could be increased inarea during flight, the speed could be rcduccd so
as to land as slovdy MIdesim.d. ConveraeIy, given sticient surface ta insure a Iow enough
landing speed, if the surface ccmld be reduced in flight the planes could always. be made to
operate at the angle of incidence giving the best lift/drag ratio; thus securing the least possiblo
drag at maximum epee.ds. .IMortunately, mechanical diffictdtics prevent the realization of
this method. TIMM.difficultkare so serious that them does not seem any prospmt of their
being overcome in the near future.

Finally, there is variable camber. This offers advantages very much greater than variablo
incidence, but is more difllcult of solution mechanically. On the other hand, w compared
with variable surface, it is mechanically possible, but itsaerod~namic advantages are not quite
so great. Yet they are, however, great enough to provide a satmfactmy solution .of the problcm
and the oidy one, apparently, which is practicable. -- ... -:...

So much for the accepted methods of.increasing speed range. The method under ~kcy&ion
in this paper cannot be properly classifiedunder any of these headings. In conception, however,
it is derived from variable surface, though the mechanical device utiIizod js distinct.lyvariabln

, camber.
Let us return to-the con~ption of’ variabk stia~~. A ‘n&hine so equipped. would have a

comparatively small amount of fixed surface, together @h a.1.~er amount of removablo surface.
While landing, both fixed apd removabha surface would be i.n operation,. but at high spmds
the tied surface alorm would support the maohme, &sumipg that a mechanical device to
operate such a system is possible, it is.obvious that th~.mechmism ~ould entail a co+dsrablo
increase in weight, and probably also in head resist~nce. T& maybe expr&sed in terms of {hi
resistance of tha wings that have been. removed. For example, 100 units of drag may have
been eliminated by removing a portion of the wings, but the equivalent of 20 added by tho extra
weight and increased resistance..: This,then, would leave us a net saving of 80 unih.

!Wppme, now, that instead of removing the wings we leave them in place, but when they
are not required for lifting we change them to ? shape offering only a.!raotkn of their fo~er
drag. If this fraction is approximately the same ss that required for variable surface we will
have all the advantages of variable surface, and the problem will become one of changing the
wing from an efficient lifting shape to a shape offering the least possible resistance; for example,

—
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pure stream line. Experimental results show that suoh a saving can be effected; the drag can
be reduoed from 100 unils to 25, giving us a net saving of 75 uni@. In a biplane the upper plane
will be of fixed construction and the 10WWone variable, or vice versa; while in a triplane a suitable
arrangement is obtained by using a tied wing for the oenter plane and plaoing variable wings
above and below it. At high speeds the variable planes are to oarry no load and are to be
stream line in shape. At low speeda they are to bear their share of the weight of the machine
and are to be deeply oambered. For a stream-line wing to give no lift itimust lie parallel h
the direotion of the air flow, and then the forces on its upper and lower surface-sme equal. It
is necessary, therefore, to set the stream-line planes at zero angle of attack when the tied planes
are at their angle of maximum lift/drag, usually about 3°.

For slower speeds the angle of attack of the fixed plane must be inoreased, let us say,
from 3° to 9°,8 change in angle of 6°. The stream-line plane is cmried through the same angle
and now has unbalanced forms acting on it, tending to deform it upward. .~esg foroee are the
greatest near the leading edge, and deorease rapidly as the trailing edge is approached. If we ,
plaoe one wing spar at the leading edge and another about two-thirds of the chord baok from
it, we divide the wing into two parts, with the force on the front part very rnuoh greater than

—.—-—

that on the rear part. U, now, we make the part between the spare of flexible construction
and the part be&nd the rear spar rigid, and allow the ribs to slide over the rear spar, we pro-
vide for a change of shape under load. The portion between the spare is oarried upward, while

.-

the rear portion, being rigid and fixed to it, moves downward. The result is a cambered wing.
The rib should be just rigid enough to deforni a certain desired amount under the maximum

load it should oarry normally, and the deformation should be proportional to the load upon the
rib up to full load. The load at any time will depend on the ratio of the lift ooeffioient of the

.-

variable plane at its angle of attaok to the Iift ooeilioient of the fixed plane at its angle. Thus,
at maximum speed when the variable plane is stream line in shape the proportion is zero to the

.- .- -.

lift coefficient of the fixed plane, and the load is zwro. At lading speed the lift coeffioienta of
the two planes are approximatdy equal—the variable plane is carrying half the load and its load
and deflection are a maximum. In an intermediate caee, when the planes are at 6° and 9°,
respectively, the lift ooefiicienta are, let us say, 1:3. The variable plane is now carrying a
quartar of the load, or one-half its matium load, and its shape will be halfway between the
extremes. It is now a lifting aerofoil, but a lightly oambered one. As lightly oambered aerofoils
are most eflkient at small angles, and heavily cambered ones at large angl=, the variable wing
possesses the most suitable shape throughout ita range.

If the decalage remained unchanged, i. e., if the setting of the variable plane relative to
the fixed plane remained the same for all angles of attack, when the tied plane was at its
angle of maximum lift the variable plane would be 3° short of it, and would not be operating
under the best conditions. This is not the case, however. Jn changing the shape of the wing
the trailing edge was deprmsed and the angle of attack in oonsequenoe was increased. This
change in deoalage is dependent on the position of the rear spar and on the mount of mati-
mum camber. In the aerofoil used it is 3°, so that when the maximum lifting effort is required
both tied and variable planes are operating most eilkiently.

It is obvious that under certain ccmditions+pste, for example, or flattening out after a
steep dive-the wing will be subject to a load greater than its normal maximum. This would
be liable to oause further deflection, whioh would be undesirable. The wing under dissuasion
oeases to deflect after the app@ation of its normal maximum load. This is aocompliehed by

..—

means of an internal bracing system which only comes into operation when the maximum
deflection has been reached.

RIB STRUCTURE.

In designing a wing possessing these variable camber features the following ooneiderations
had to be kept in mind:

It had to deform regularly with the load up to unit flying load, then remain rigid under
further applications of load, and be strong enough to bear several times its normal load without
failure. It had also to be oapable of easy manufacture, to be simple and foolproof in operation,
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and light in weight. Metal construction was practically a necessity, and to avoid now faatures
which might be doubtful engineering practice, standard construction wti adhered to whimwer
not essential to the functioning of the detice. The ribs were thus the only park of the wing
requiriig alteration, leaving spars, bracing wirw, struts, etc., substantially as at present. I?iguro
1 shows the general construction adopted. The e+ntial parts are:

1. Channel-shaped strips A, 3, fon%ing the upper and lower surfrtc& of ih” rib between tho
Spaxs.

2. Compression link” at ~, D,”E, F, &d (7. These are a-~o of ch&nQl se&ion and are “fixe~ ““” ““ ,
to’ &e outer channels by pins, thus allowing the necessary angular motion l)etween link~ and
strips.

3. T+meionlinks H, J, K, L,”M, and N. These are flat strips .bfsteel attached to thcisame
pins which carry the compression links. In the stream-line position they carry no load and bow
as shown, but in the lifting position they straighten out and make a truss of the rib, preventing
further deformation under overloads. The links in the first two ~~d lasttwo panels are slotted
to alIow the insertion of reverse links.

4. Reverse tension links 0, P, Q, and l?, The only func.t;on of the-w is to prewmt the rib
..

being deformed beyond its stre~-ling position when subject to loads on the upper surface.
5. A tailpiece, flied in shape, riveted to the upper strip at S and constmwted 10 slide over

the rear spar.
6. A spring plac@ between the rear spa-r mc! the tailpiece. Provide? t~e chmmcla A

and 1? are made of suflhient size, a rib can be made which will function properly without ibis
.-

spring, but its use effects a considerable saving in the total weight of the rib. The spring used
is a helical tension spring attached to t,herear spar and to the front domprw+sicm“memberof tho
tailpiece.

The upper and lower surfaces are f.&ed to the-front .spar~“which”&placed practically a(i.hri
leading edge. A light. wooden nose piece running the length gf the wing and attached 10 the
spar gives a fair shape to the leading edge. The rigidi[y of the rib, due to the stiil’nessof the
channels and the spring, must be such that it attaing its full lifting form under normal flying
load. The lengths of the tension links determine the final contour of the wing.

The fabric is continuous o.mwthe wings except where the lower flexible channel is. con-
nectid to the tailpiece... Here it “k discontinuous to permit the sliding forward of tho fixed tail
portion owr the end. of the channel forming the”flexible portion of the lower surfam Tho
amount of this sliding motion is approximately 1 inch, and it may be prorided for either by
allowing the surface h overlap or simply by leaving a gap of this amount. In the fornmr case
the surfacea would just meet when in the stream-line position and would”overlap 1 inrh in tho
lifting position. In the latter case they would meet when in the lifting position but in the
stream-line position would leave open a strip 1 inch ]vide running the length ~f the wing. It is
not believed that this would be aa.obj actionable as qight appear at first s~ht, for tho aero-
dynamic properties of thawing would not be appreciably atlect.ed. Present methods may bo
used for its attachment- to the ribs. It will probably be preferable tQ stitch tho fabric to each
smface separately, though there is no objection to the stitahing going over the top and under
the bottom, except at the rear spar, as the distanreg between the surfaces do not alter. R-was
necessary to. determine whether any excessive stretch b the ffibric .wcndd. bo caused by .tho
functioning of the ribs. The lower surface changea from a c.omwxto a concave shapo of ~pproxi-
mately equal curvature. There will, therefore, bono stretchin the fabric, In the upper surfucc,
however, where an increase of corrrex curvature occurs, there wiJl be a stretch caused in tho
fabric. Calculation shows that this is not serious. In Aiving”of 60-inch chord, with a mtiximum
increase of camber of 2J inches, the maximum stretchaf the fabric is only 1/100 inch in the 15
inches in which the greatest change occurs, or 0.067 per cggt. As t& st@+h at ~pturg. is 15
per cent, the fabric is only strained 1/225 of thie amount. It is reascmable to suppose th~t this
could be repeated indetitely.
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RIB TESTS.

OONDXTTONSOF TEST. -. .

The construction and testing of the variable camber rib were carried out in the Engineer-
i~~ Materials Laboratory of the Bureau of Standards. A special method of tcding the rib had
to be devised, permitting the appropriate load to be applied to each surface independently. A
direct system of loading was adopted, the method being clear from figures 2 and 3. Stirrups
were placed over the rib at tihe dwked pOiRtS~d platforms to cmry the ~e~hts SUSPSndOd
therefrom. The loads applied were calculated from pressure distribution tablea for the R. A. F.
14 wing, obtained from experiments made at the Royal Aircraft Factory, England.

The chord of the variable rib was 60 inches. The rib spacing was taken as 14 inches and the
wing loading ass ~ pounds per square foot. This gives the- total load per rib as 33$ pounds,
which was assumed to be distributed as follows:

UPPER ?3URFACE.
DMancefromleadinged ge,~hches . . . . . . . . . . . . . . . . . . . . . 44104174243096424864

——— -—— —— ——
Load, in poundE. . . . . . . . . . . . .. —-- . . . . . . . . . . . . . . . . . . . . . . . . 44 4~32~2211

LOWERSURFACE.
Dticebom ld@@e, in~chw . . ...-....-.....-.--....,.-.....-..-.,-.-....-:.- 1* ?* 201 Sg

——— —
had, inpoumls ‘.. ... . .. .. . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . ... . . . . . . . . . . . . . . . . . . . . . 34 3* 1+ 1

The applied loads were correct to the nearest half pound and the points of application were
correct to the nearmt half inch. TTithin these limits the loading checked the pressure distribu-
tion figures on which it was based.

RESULTS OF TESTS.
Ounow.

We@tofrib, b-------------------------------------------------------------------------- 11*
Weightof helical spring. . . . ... . . . . . . . . . . . . . . . . . . . . . . . . .”.”:. . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . *

The total weight of the rib is thus 12~ ounces+which comparas very favorably with standard
wood construction. It is titually lighter than the C~tiss JN-4 rib (131 ounces), which was
taken as a bwis for chord length, rib spacing and loading. More modern ribs, however, are
somewhat lighter. .

Material ueed, chrome vanadiumalloy steel,
Thickneq 0.013 inch.
Eketic limit, 90,000pounds per eqwe inch.
Ultimate strength, 102,000puunde per equare inch.

The steel & fabricated was in the annealed st~te. In some earlier tests heat treatment
was resotid to, and, w mig~t be exp~t~d, gay%.gvgg.~ater stre@hj twg SUChribs ham
sustainad a loadiig of 16 times the flying load without signs of failure. Heat treatment was
omitted in the W test in Orderto demomtrati that .tb PI’OCSSSW& not e~enti~ to succow

The experiymtal rib was placed in an inverted position in a supporting frame and the
loads applied ae previously described. Deflection readings were taken by means of dials giving
readings correct to 1/1000 of an inch. Up tciunit load, the im.hementswere one-quarter of the
flyingioad. The deflection of the rib under time .c.on.ditionewaa as follows:

---
Load. Deffectfon.

At diatmca from leading edge of—
Poyon

- Pounds.’ ~$-&heBmal fly- S9 inckw 60 incheB
inglol%d. (front U. inchQB. 21 inches. 30 inches. (rem (thy

spar). epar).
— .

Inch. In.c.lw. Ikck Inches. Iiach. liachea.

#
q o “0.64 0.60 0.39 0 -0.90

16

!

o L03 L 06 .69 0 -1.46
f & o 1,37 L 47 0 -L $4

0 LS3 2.03 l% o -2.63

—

T.-—. . .. —-

. .
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V7eight.swere then applied up to six times the flying load. After this the loading was
removed, with the exception of the on-qumter load, to determine the ability of the rib to
return to its original shape after severe overloads. A permanent set amounting to a maximum
of ~ inch occurred in the fit and second panels. Throughout the rest of its length the rib
returned to the position occupied under the initial onequartar load.

Finally the rib was loaded to destruction. Failure occurred after the application of a load
corresponding to 11 times the flying load by buckling of the flanges of the lower surface in the

●
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first and second panels. Deflections are plotted in figure 4 and tabulated in the appendix. The
maximum deflection from normal flying load to 10 times that load waa 0.437 inc~ which com-
pares favorably with th~t of wooden ribs under similar loads. W’Me subject b the normal
flying load, the shape of the rib was traced upon a board placed behind it. Its form agreed
(within ~ inch) with the designed aerofoil (V. C. L., fig. 6).

The rib which gave these resuh was the last of ELseries of six. It is not claimed that it
represents the best possible form for such a rib, but marks a point in the development where the
many conflicting requirements are all satishd.

.
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The first two ribs of the series were made from gteel 0.032 inch in thickness and were heat
treated. The lifting shape aimed at was the Eiffel 36-wing curve. The spare ware placed in
the same positions as in the Curtiss ZN-4 and the nose was designed to rotate about the front
spar. The variable portion was divided into four pads, of which three only were provided
with tension-bracing membem. The weight was 16 ounces. A chang~of shape approximately
proportional to the load was obtained, but the tail failed to deflect its full amount and the rotary
motion at the nose was found unsatisfactory. The functioning of the rib is shown by the
following deflection readirq+:

.-.
r !

,4
1

4“-:.
IAadl Deffecffoq.

Fraction
of normal ye:;yo ~g

;J$g Spars. edge.

1* 1*
i

i
:80 :95

1.14 L 48
1 1.40 L 90

The strength was excessive, the ribs sustaining a loading of 16 times
limiting capacity of the supporting frame, without aigna of faihre.

The third rib was of O.OM-inch heat-treated stwd and weighed 11
spar was placed at the leading edge and the rotary motion thus eliminated.

*

the flying load, tha

ounces. The front
The upper surface

was desi&+d to have the shape of the U. S. A. 4 aerofoil, while the lower was determined by
the thickness of the stream line. The nose had to be bhmt to accommodate the spar. The
flexible portion was divided into six panels, all of which were braced, thus making a complete
truss of the rib. The desired change of shape was attained and was proportiomd ta the load.
When tested to destruction the rib sh~wed a factor of safety of 11, failure occurring in the
tied tailpiece.

The fourth rib was sircdar in all respects to the t&ird, except that it was not heat treated.
It withstood a loading of eight times the normal flying load before buckling over sideways.

Although the desired change of shape was obtained with these two ribs, the lifting shape
waa not satisfactory from an aerodynamic point of view. Consequently a special lifting aerofoil
was designed, and an attempt made to construct a rib h this shape. 0.018-inch steel was
again used and the construction was in general similar to that adopted in the third and fourth
ribs. The amount of motion, however, was considerably greatar, and additional tension links
were providpd to prevent any change of shape beyond the stream-line position should the wing
be subject to loada on the upper surface. A tension spring was used, attached to the rear spar
and to the compre=ion member of the taiIpiece forward of it, instead of a compression spring
behind the rear spar, as was used in the tit four ribs.

The functioning of the rib was excelIent, the desired lifting shape being assumed with an
error of less than ~ inch, but the factor of safety when the rib was loaded to desfmction was
only 7. Failure was due to buckling in the channel forming the lower surface in the tit and
second panels. The weight wcs 12 ounces.
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The behavior of this rib under fractional loads was as follows:

—

Load.
I

Deflection.

Portion
of nor-

J30*
.

1 Atdistancefromleadingedgeof—

‘oudsm1+frlchea
(front 12fnck. 21irlchw
spar).

hche8. Incha. kkd.
# o. 4s 0.42

#
: .99 1.02
0 L 55

E4 o i:: 1.98
I I I

99 fnches 60 fnchw
0 inches. (rear (M&g

spar) . .

Inclw. Iiches. Indea.
0.20 0 -0.46
.57 0 –1. 20

–I. 62
1: E : -2.42

.-

.-
Th6 ~ rib differed only in minor detaik, particularly the use of a heavier flange at the

point of failure. This raised the factor of safety from 7 h 11 at an increase of only ~ ounce in
weight.

AEEODYNA.MICALTESTS.

A series of tests were carried out by the Bureau of Standards wind tunnel stafl to deter
mine the folIowing points:

1. The properties of four new aerofoils, being the stream-line and full-lifting shapes of the
—

variable camber wing, and two intermediate ehapes under one-third load and two-thirds load,
respectively. *

2. The aerodynamic ticiency of these aerofoils when used together with a standard ,
aerofoil in biplane and triplane combinations.

3. The stabiIity of thesa biplane and triphme combinations.
ModeIs of the necessary aerofoils were made of bakelite and were correct h within five

one-thousandths of an inch. The model of R. A. 1?.6, which was used as the standard section,
was of wood, and though accurate when made did not retain its accuracy as well as the bakelit~ -
modcds.

The stream-line and full-lifting aerofoils were designed in accordance with certti.knitations
imposed by the rib structure. The chief of these were:

1. The necessity for a blunt nose to permit the front’spar being placed at the leading edge.
2. In the lifting modeI a lower surface concave toward the trailing edge could not be used

because the portion of the rib bebhd the rear spar does not change shape and the stream line
is slightly convex.

3. The camber of the lower surfaca between the spars was limited by the newssity of
allowing for internal bracing wires.

4. The maximum camber on the upper surface was determined by the camber of the lower
and by the thicl.mess of the aerofoil, which, in turn, was determined by the fieness desired
in the stream line.

The two extreme shapea were carefully designed in the light of these and of aerodpamical
considerations. The intermediate shapes were obtained on the assumption that the rib
deflected throughout its length directly as the load up to normal full load. Control can be
exercised over the design of these intermediate shapes by varying the depth of the flanges of
the rib channeIs, but as the distribution of pressure is aIso a factor and as it is not lmown how
much the distribution assumed (R. A. F. 14) differs from the actual, the shapes used were
arrived at somewhat arbitrarily.

The wind tunnel used at the Bureau of Standards is of 54-inch octa.gond section, the air
being drawn through by a 100-homepower motor. The bahnce is of the N. P. L. type and the

.=
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14 ANNUAL REPORT NATIONAL ADVISOIIY COM3WI?TEE I?OR AERONAUTICS.

models were mounted vertically in the tunnel. In the biplane and triplane comhiuations
the models were spaced relatively by brass struts screwed into the ends. Provision was niado
for a fine adjustment of the decalage by tile ~rrangement illust.rahd in figure 7. The points
of attachment of the stru~ to the variable plnnes corresponded approximatdy with tho positions
of the spars in the full-size wing. Tho leading edge yasthus fliwd in position, so no adjustment
for gap was necessary. The chord of the tied middle aerofoil was uecd as a reference plane,
and the decahge measured by tho dili?erencein gap at thti trailing edge.

Lift, drag, and torque determinations were carried out on the follov’ing aerofoils and
combinations:

Aerofol V. .d. sh%arnlin~ (a) usedafterw’ar@_ in b!plane and triplano tests; V. C. strram
line (b) used in triplam teste only.

..—. .- —

Aerofoil V. C. ondiird lifting (a) used in biplanes aud triplanes; V. C. one-third lifting
(b) need in triplanes only.

Aerofoil V, C. two-thirds lifting, ued in biplane tests.
Aerofoil TT.C. lifting (a) used in triplanes and biphmcs; (b) used in triplanes only.
Aerofoil R. A. F. 6, used in biplanes and triplane%. -

Biplanes.

No. Lower plane. Upper plane... ..- Stagger.
— . .

PGrcent,
1 R. A. F. 6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V. C. S..: . . . . . . . . . . . . . . . . . . . . . . . ..-. -20
2 R. A. F. 6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..--. -... V.C. L“. . . . . . . . . ..-. .-.. .--- . . . . . -20

i
3 R. A. F. G. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V. C. L. . . . . . . . . . . . . . . . . . . . . . . . . . . –20
: f.&~.6 . . . . . . . . . . . . . . . . . . . . . ..i --------------- V. cl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . -Z(j

R. A. F. 6. . . . . . . . . . . . . . . . . . . . . . . . . . +20
6 V:c: -L::::.-.:::::::::::::::::::::::::::::::::

)
R. A. F.6- -- . . . . +20

7 V.C. L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. A. 1%6:::::::::::::::::::::::::: $2J
8 V. C. L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. A. F. 6. . . . . . . . . . . . . . . . . . . . . . . . . .

Triplanes.
.,-. . 1 , I

Dtial~e.

-.

Degrcu.
2
1

.1
z
1

-t

DISCUSSION OF WIND-TUNNEL RESULTS,

I ““”---”-”....““:”.....__.__. -
No. Top plane. N@Je plane. Bottomplane. S@ger. Dccalage.

;.. . . — —

1 v. c. s . . . . . . . . . . . . . . . . . . . -------- R. A. F.-6. -. ...’.... V.c. s . . . . . .. . . . . . . . . . . . . . . . . . . .
Per cd. Dqjrca.

20 2
2 V.-C. ~ L . . . . . . . . . . . . . . . . . . . . . . R. A. I?. 6. . . . . . . . . . V. C.+ L . . . . . . . . . . . . . . . . . . . . . . 20 1
S Tset-not run

i
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4 V. C. L . . . . . . . . . . . . . . . . . . . . . . . . R. A. F. 6.-. . . . . . . . V. C.L. . . . . . . . . . . . . . . . . . . . . . . . 20 -i
. . .. .=-. ..:.

The term deoalage here refe~ to the incidenca of the plqnes. of th~ variable series to the
chord line of the etandard plane.

Detailed results will be found tabulated in the ap~endix at the end of the report.

SINGLE AEROFOILS.

— —.—...- ~

.-.

The curves for the variable wing..as a monoplane (fig. 8) wme obtained from figures 14, 15,
and 16. At low angles (– 3.0,—2“, -1°, 0°)) when the variable wing was stream line, the points
for the variable curves were obtained from the curves for V. C. S. At high anglea-(12°, 14°,
16°, 17°, 180), when it was in its full lifting shape, the points from V. ~. L. were used. TWOin-
termediate sets of points were obtained-one from the”curve for V, C. ~ L. at 4° and the other
from the V, C. ~ L. curves &t8°.. .

-.

—-

-.-.. . ..
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The travel of the center of pressure is noteworthy, beiig as nearly as possible stationary—
the amount of travel within the range of flying angles being 0.035.chord in the stable direction.
Aerofoils of the tied type are unstable. Thus, if the center of press~e coincides with the
center of gravity at any angle within the flying range, the plane will be in equilibrium. If,
however, it is then displaced from this angle, the position of the center of pressure will change
and will introduca an upsetting moment which will move the plane still further from its position
of equilibrium. This unstable effect is very marked at small angles of incidence. This & ap-
parent from figure 16, the curves for V. C. ~ L., V. C. ~ 1A, and V. C. L. being ty-pied of a~lordi-
nary aerofoils. h ilgure 8 the motion of the center of pressure is such that if the plariebe dis-
placed from its m@e of equilibrium the resulting moment will tmd to bring it back to that
position. At 17° a marked change occurs, but this is evidently due to the breakdown in the
air flow which takes place at that angle, and which is also noticeable in the lift and drag
Ourves. The individual curves (figs. 14, 15, and 16) are characteristic for the particular types
of aerofoils, though the intermediate shapes are somewhat inefficient when compared with
other aerofoils of similar camber.

The drag curve (w. 15) shows that the minimum resistance of the streamline plane is less
than one-third that of the lifting plane. These are the ilgures for the models at the tunnel
speed of 60 miles per hour. In a full+ize machine, traveling at 150 miles per hour, the mini-
mum drag would be about onequarta. This improvement at high speed, is due to the fact
that the drag of an aerofoil ia made up of two parts-the direct head resistance, which increases
as the square of the speed, and the skin friction, which increases at a lesser rate. The drag of a
stream-line body is mostly skin friction, while that of a heatiy-cambered aerofoil is nearly all

.

direct head resistance. Variable camber, therefore, gives us a wing having the high lift co-
efficient of V. C. L. with the objectionable high minimum drag of such a wing cut down by 76
per cent.

BIPL4NES.

The fit biplane series, witi the variable wing for the upper plane and with the negative
stagger, shows excessive stability. The vector diagram (~. 11) was obtained by ass@ng a
centar of pressure travel by plotting a curve through the appropriate points in figure 19. Up
to 2~” the variable plane is stream line, at 4i0 itisassumed to be one-third lifting, at 8° to be
two-thirds lifting, and 12° to be full lifting.

II the planes were attached to the machine so that the canter of gravity was situated at a
point on the vector for 2°, and slightly above the lower plane, the arrangement would be stable
under all conditions. Thus, if the incidence waa increased to 18°, a moment would come into
play tending to reduce the incidence, while if it was reduced to 0°, the resul@ moment would
cause it to be increased. Even in the abnormal position represented by the vector for -1°
there wouId still be a correcting moment to bring the machine back to its position of equilibrium.
The stability in the case of this biplane is excessive by reason of the correcting tioment being
too great. There seems no reason why a more satisfactory arrangement should not be obtained
with a stagger of 10 or 15 per cent. Forward stagger with this combination, however, would
cause very serious instability, as would back stagger in the second biplane tiangement.

This second series, with the lower plane the variable one, and the top plfie stiggered 20
per cent forward, is very satisfactory. The vector diagram (fig. 12) shows suf%ierit but not
excessive stability, with all the vectors passing practically through a point midway between
the planes. The lift curves (fig. 20) are regular, and show no serious falling off at the burble
point. ‘No. 8, which is the landing-speed combination, is particuhrly satisfdory fi this
respset, having a flat tip for. 6°. Even after 20”, where the flow does not break down, there
is a complete absence of the abrupt change which is apparent in the curve for the variable
wing as a monopkme. The lift/drag curves (~. 21] bring out very c~early the advantages of
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the variation in camber. Thus the combination with the stream-line phmo is most efficient
at the smaU values of the-lift coefficient appropriate to very high speeds. Maximum lift/drag
is obtained at high but not top spee+, with the variable plane one-third lifting, while for climl)-
ing speeds the combination containing the two-thirds aerofo!l @ most @lcient. For landing,
as would be expected, the curve for the combination &th “thefull lifting wing surpasses all tlm
others. The inefficiency of this high lift combination, should it be used at high ~peeds, is very
apparent.

Figure 9 is derived from the lift/drag against CYcur@g in ilgm”m18 and ?1. T@ b.moWd in . .

this cam is gpeed, or ~Qy. ‘If C, ms&m@~ @ 0;56; “it is obvious that when Cr is

0.14 the speed will have to he double that at CYrnaxhimm, in order for the machine to rtiain
in level flight, The curves show actual biplane figures for the vari~ble biplanes. For the
R. A. F. 6 biplane, however, a correction was applied to the monoplane figures found for the
particular model used in all the tests. The biplaue corrections used were t.hosogiven by Dr.
Huneaker. Thc+figures for lift/c@g for all the curves have been corrected for scale effect..
The assumptions were made.on. a basis of a maximum speed of 150 miks an hour and a total
area of 400 square feet. A figure for the skin friction of the modd was obtuined from Zahm’s
equatiorc

F= 0.0000082 AOWLOO

This was subtracted from the corrected balance reading for. the. drag on the model, and a
coefficient-.derhwd for direct head rwistance. The square law was applied to this portion of
the drag, and the total &ag was obtainul by adding to it the skin friction for tlmf ull-sizeplanes,
again using Zahm’s formula. In the light of some rec.~nt fulkale experiments this Corrmt,iol]

is conservative, but the curves neverthelsm show a very marked a.dvant age in fm-or Of t h

suggested arrangement.
TRIPLANE.

The triplane curves show the same general characteristics as the biplane. ‘lIo arrange-
ment is stable—rather too much so. .~ lfi per cent setback of the top and bottom phmm-

should give aU that is needed in tljs respect and at the same time would be slightly better
structurally.

SUMMARY.

1. ThQ variable camber wing has a maximum lift goefficleut of 0.76 (absolute) and u mini-
mum drag of 0.0070. It has a stable travel of the centty of pressuroof 0.035 of the c~orcl (fig. 3) t

2. At th6 wiud tuinel speed of 30 miles an hour, its minimum drag is less than one-third
the-minimum drag i~_woul~have if the full lifting shapgwere to be used at small angles of inri-
dence [fig. 15). Under ftill-size conditions this would be about a quarter.

3. When used in a biplane, the lift/drag k doubled at speeds in excess of 2.I times [ho
landing speed, and trebled at three times the landing speed, Similar results wcm obtained
in a triplane (figs. 9 and 10). ‘

4. A biplane with 20 per cent forward stagger shows ~at~factory stability in thr “plwws
themselves. A biplane with 20 per cent back stagger, and a triplane combination, show some-
what excessive stability (figg. 11, 12, aild 12).

5. The device. invohws changes in the ribs only.
6. A rib tested at the 13ureau of Standards of the iame chord ‘length as tho Cur~iss JX-1,

weighed 10 per cerit lem than that type of rib and showed a factor of safety of II-----

“-. . . .
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Amof0t7VCS.

ILen@ of ~Mi-
rmte.

Distance from
kacling edge. IIAbove Below

chord, chord.

0.00
.06
.10
.20

%
:ti
.60
.70
.30
.90

L 00

0. Oiloo
.0283
.0358
.0405
.0406
.0377
.0333
.0295
.0236
.0180
.0108
.0036

Aerofoil VQL.

Dktoetce

Ieada

0.000
.025
.050
.076
.100
.200
.800
.400
.600
,600
.700
.800
.900

L 000

Ordinatea.

0.0206
.0466
.0640
.0600
,0660
.0770
.077’3
.0693
.0630
.0646
.0440
.0330
.0304
.0070

FIG.6

L

Lm?resLir-
.

0.0205
; :0;

.0027

.0037

.0060

.0063

.0066

.0050

.0043

.0037

. IM27

.0013

.0000
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Aerofd VC~L.

I

D~~mce
Ordinates.

leading
*.

U per
$Sur ace.

I

0: O&

.050

.100

.200

.900

.400

.500

.600

.700

.800

.900
L 000

0.0226
.0483
.0613
.0773
.0915
.0945
.0897
.0303
, 06s0
.0643
.0396
.0233
.“0070

L.cw&iui.

o. 0!205
.0000
.0021
.0053
.0106

“:0163
.0145
.0133
.0096
.0066
.0038
.0019
.J#10

—. . . -. .- .—-— — .—

. . ..— . . . .—-—.. .. . . ___ . . ... .... .. _

Aerofd VCL.

Distance
Ordinatw.

from
leaadj:g Upper

Surfsce.

-

0: qoc&

.025

.050

.100

.200

.300

.400

.50Q

.600

.700

. MO

.900
L 000

.0646

.0466

.0268

.0070

Lyiresur.

o. 02C?5
.0017
. Ixtoo
.0058
; (II2

:.0s01
.0316
.0300
.0242
. 017s
.0103
.0064
.0003

.. . ---

.—.—.— .,

FIG. 6,
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APPENDIX

Aerofd, wdzb& code, dwum-h, mdd (a).

A#g;f

degrees).

-6.4
-5.4
-4.4
–8. 4
–2. 4
–L 4
—.

.;

k:

!!
5.6

DragCO-
efklent

(abdute).

0:l);):

.0104

.0088

.0073

.0065

.0060

.006-6

.0075

.0091
,0104
.01.27
.0150

. . . . . . . . . . . . . .

Lift co-
efficient

[abr+cdute).

–0. 2Klo
– .2124
– .1759
– .1398
-.1039.
- .0637
– .0183

.0290

.0724

.1090

.1436

.1810

.2178

Lift/drag.
-,:. -

–16. 63
–16. 61
–16. 84
–16. 96
-X3. 23
-9.86
- %06

4.39

._J K!
13.80

-1420
14.60

. . . . 3 inches.

Centarof
presme

mefllcient.

0.224
.226
.223
.234
.244
.272
.242
.269
.266
,238
.225
.226
.226

...- ————

.—

Model:
Chord . . . . . . . . . . . . . . . . . . .
SPWL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lgin~~.
Material ------------------------------------ Bakelite, paper base.

Airspeed . . . . . . . . . . . . . ------------------------ ~mfi~perho~,
Center ofpremurec oefficiemt. . . . . . . . . . . . . . . . . . . . Distance of center of premure from leading edge,

in fractional part of chord.
Reference lfne --------------------------------- Angle of~lift.

(Not plotted.)
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PARKEB vARIABLa CAMBEE -mm.

Aerofoil,rmidle camkr, sham-line mdel (b).

Ann:kof :)yi&:

t

Lift co- Center of
efficient Lift/drag.

(degreee). * (abeolute). (abeoluto).
preseure

co-efficient.

0.0099 –o. 1236 –12.48
=:

0.286
. oa84 – .08436 – 10.55

–1
.281

.0074 - .04s3” – fi.85 .269
0 . Ooio – .002.5 – .38 . S16

.0074 .0352
;

4.76 .224
.0087 .0322 .252
.0100 .I.l.8s l!%

:
.244

.0114 .1540 13.50 .232
0165 .2230

:
13.50 .223

0248 .2920 11.80 .225
10 .0456 .3420
12

. 24s
.0760 .3830 1%

14
.307

. 09s0 .3680 :6J .341

.1180 .3550
:

.356
.1330 2:66

20
.383

.1490 . k? 298 . S88

Model:
@oral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Sbchw.
Snan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8 inchw.
h~tw~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Bakelite. cloth baee.

Air qmed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3Oda perhour.
Centwof prwwe=fitient . . . . . . . . . . . . . ..". . . . ..- . . . . . ..--- . . .. Dhtance ofwnterofprmwehom

leading edge, in frwtionaf part
of chord.

Mference tie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Center fieofmtion ofaerofoil.

Mcdel:
Chord . . . . .

Arofail, w.riabkcumber,one-thirdl#tin.g moa%l (a).

A#kof

(degrees).

4
6

1:
12
14

D&c&

(abeolute).

0.0114
.0007
. ml
.0087
. 04?84
.0096
. 011s
.0161
.0218
. 030s
.0412
.0762
.1033
.1255
.1401
.1670

Lift co-
efficient

(absolute).

-0.0766
– .0424
- .Omz

.0450

.0916

.1341

.1721

.2580

.3182

. 38S3

.4540

.4528

.4266

.4110

.4120

.4134

. . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . .

fl”
Center of

Lift/drag. preseure
co-efficient.

– 6.74 –o. 050
– 4.37 - .076
– .25 -4.930

5.20 .575
10.91 .417
14.00 . . . .
15.18 .329
15.26 . 26.#

2.82 . S77
2.47 .383

. . . . . . ..3inchm
S~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Mticha.

..

—.

,,.. .:
.

.

.. —

hiati&l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B&efite. pap?rb=e.
Airs~d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Mdwper how.
Reference line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Tangentti Iowereurface at tmil-

(Xot plotted.)
ing edge.
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Aerof&l,WRWleamber one-ti~dl@ng madd (a)

Arlrlc)f

(degrees).

–5
-4
– 2
-1

0
1

:
4
6

1:
12

Model:

Drag coefli-
aent

(abeolute).

0.0156
.0126
.0102
.0096
.0099
.0111
.0129
.0153
.0173
.0243
.0330
. 04S6
.0829
.1069
.1290
.1487
.1680

Liftcoesi-
cient

(abmlute),

-0! llm
- .0737
-:%4

.0025

.1378

.1752

.2140

.2474

.3218
,3932
. 46s6
.4468
.4140
.4030

:%

. .... . .. .. .

Lift/drag.

-7.09
- s. 86

.34
430
9.32

IZ44
13.64
13.97
14.30
13.25
L1.91
9.99
6.39
K 87
K 16
2.75
2.44

—

.

Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..1 . . . . . . . . . . . . . . . . . . . . . . . .. Sh&m.
Spm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8kchw.
MaWrial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B&titi. Paperbw.

Air speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Mlmiles per hour.
Reference line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Datum tineof~mpls&.

Auof&l, wrhbk amber, one-titi l~tingmodel(b).

:tg$;f Drag coe3i-
aent

(degrees). (dwc?hlte).

–6
-4
-2

0

:
4.
6

18
’20

0: :;)

.0102

.0107
,0146
.0165
.0190
.0268
. 0s66
.0481
.0874
.1094
.1324
.1509
.1715

Lift cueSi-
cient

(absolute).

-0.1169
- .0468

: w;

. m8

.2966

.2740

.3510

. 41?38
,4810
.4582
,4290
. 4M8
.4122
, &08

Lift/drag.

-6.20
–3.64

2.73
11.67
13.80
lk35
1440
18:08
IL 76
10.00
5.24
3.02
9:14
273
2.39

Model:
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. --—- . . . . . . . . . . ..3inchee.

.— .—

.

. ----- .. ..__ ~-.

Spm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8tichm.
Matirid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B&eEti. cloth base.

Air speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Mtimpw hour.
Be f.cehe...: . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . ..- Tangent ta lower surface at trailingwlge.

(Not plotted.)
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Aerofm7,wiubk mmk, tw4ha?dalifting.

83

A#&of

(degreee).

–6
–5
–4
–3
–2
–1

o

6

D% eo-
effiaent

(absolute).

0.0362
.0295
.0248
.0202
.01.68
. OMO
. olb7
.0158
.0169
.0190
.0220
.0282
.0364
.0448
.0671
.0978
.w
.1420
.1619

Lift CO-
efliaent

(absdu~).

–0. Iz4s
– .0860
– SM:

.0701

.1177

. 164A

.1926

.2282

.2684

.3041

.9792

.4606

.5110

.6610

.4975

.4466

.4270

.4M6

Lift/dr&

–3. 4A
–2. 88
–1. 42

1.02
4.18
7.35

2:
M. 62
1421
13.82
124s
l% 98
lL40
9.82
5.09
266
201
2.68

centerof
pre~ure

mefhient.

+0. 174
.061

- .977
+: 66;

.609

.436

.393

.366

.:%
.309
.297
.289
.281
.324
.W41
.977
.362

Model:
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . ..3inchea.
SP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8k&w.
Mati . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. BWehte. cloth base.

Ahqed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3Otiapmhou.
Rtiwence he . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .C%mmontangent to lower surfaca

Aeroftil, twidfe cnmber,liftingmadel(a].

A#g:f Drag CO-

(degr~). (;b%%%).

IJdd:
Chord . . . . . . . .

Liftco-
efficient I~q~,g.

(absolute).

Center of
presmre

coefficient.

–7
–6
–6
-4
–3
-2
–1

o

8

0: y;

.0321

.0286

.0251

.0236

.0229

.0228

.0232

.0240

.0262

. 0%4

.0349

.0430

.0628

.0636

.0768

.0901

.1363

. L467

.1666

–o. 1114
– .0706
–.0212

.0288

.0740

.1194

.1637

.2028

.2432

.2826

.3200

. %588

.4324

.6100

.6780

.6416

.6966

.7326

.4986

.4766

.4660

–2. 62
–L 89

‘i 8!
2.96
6.07
7.16

1$ E
IL 77
l% 20
E. 62
l% 40
lL 88
10.96
10.10
9.07
&13
3.66
3.26
279

0.240
.071

– .782
L 497
.790
.699
.Fiu
.460
.429
.998
.381
.367
.346
.831
.324
.317
.314

. . . .
.386
.392

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 kh43.

;.. .

sms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8h@a.
~ati..................................................B&eEti, cloth baee.

Air epeed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30 mike pOr hour.
W&mceke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Common tangent to Iower surface.

(Not plotted.)

.-

.

.. .. .

.-
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Model:
Chord . . . . . . . . .

Aoofil, variablecmdw, lifting mniel (b].

Aa~~cd D% coefIi- Lift.coeffi-

(degrees). (ab%%%e). (ab%?~:).
Lift/drag.

10
E
14
16
17
18

. (M7D

.0941 :E

.0421 .5265

.0514 . 6fJ45

. 0%16 . %Goo

.0770 .7190

.0627 .7610----

; $34

.0251

. 02%

. 02%

.0251----

– 70729
.0300
.1263
, !?135
. mo
. g!

81 0.0511 I -0.1.276 I –a 49
-6 -1.82
–4 .98
–2 6.04

0 9.48
2 12.34

l!?.25
: 13.69
6 13.2$
8 u. 50

IL 57
10.37
9.34
8.21
3.78

:% 9.36
.1371
.1486 I,

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 inches.
Span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .18 inchee.
l{atti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B&ehti. clothhe.

W speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Mtiapmhou.
Refwence lbe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Common tangent to lower surface.

Ae$ojbd R. A. F. 6.

.0220

. 01s1

.0169

.0148

.0198
2 I .0141

. oifi9
: .0178

;: ] . lti80
.1297

20 .1457
22 .1656
24 .1886

Model:
Chord . . . . . . . . .

Lift COd&
Cient

(Sbmlute).

–o. frw
– .0455
-.0016

.
‘l&l

7

:1453
.1927
. 2?J16
. ~656
. WIT
.4042
.4656
. W20
.“4 10

!.400
.4242
.4274
;4!25;

Lift/drag.

–3. 25
-.3.07
– .87

2.56
6.10

10.51
1s. 66
14.67
1491
13.73
u. 41
IL 05
9.78
5.79
4.04
3.27
2;94
2.57
2.24

..-. -.- . . . . . ..3inchce.
sp ......................... ....... ..... .......... ... ..l8inches.
MateM . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Wind.

.-

—

—-- - -

.-

&speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30 miles per hour.
Rekmce Erie: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Common tangent ta lower surface.

(Not plotted.)



I

Ayglkof

(degrees).

Upper plene. . . . . . . . . . . . . . .

PAREER VARIABLE CA.MBER WING.

Parker biplane No. 1.

D&?lq&:

(abeolute).

0.0146
.0192
.0118
.0109
.0107
.0116
.0125
.0149.
.0170
.0226
.0305
.0395
.0546
.0840
. mo
.1272

Lift CO-

e5aent
(abmlute).

-0.0687
– .0253

.0122

.0490

. 08s7

.1174

.1485

.1788

.2056

.2596

. 31s0
; :35

-

Lift/drag.

–4. 02
–1. 92

L 09
4.50
7.82

10. u
11.89
12.00
1.2.09
11.50
10.27
.;g

~ 61
9.37
2.84

. . . . . . . . . . . . . . . . . . . . . . . . . . . ..V. -c. s.

Center of

&%:t.

o. M-5
.392
.166
.290
. S09
.320
. S29
. gg~
. 32S
.929
,337
.341
.346
. %26
.399
.405

bmrpbe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..R. A. F.6.
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..9tiche8.
span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8 inches.
Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3kchea.
S~er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ percent negative.

85

—— . .. .

8
----

*

——

WAe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Upper pkme W at24° lem incidence than lower.
ti~eed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..90tiea Frhour.
Nfe~nce fie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Chord of R.. A. F. 6, lower plane.
Center ofp~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Atchord oflowerplme.

Parkr biphlu ivo. P.

Annkof Drag co- Lift co-
etliclent efficient Lift/drag.

(degrees). (abeolute). (abeolute).

0.0158 –o. 0334
.0136 – .0010
.0126 .0344
.0115 .0706
.0109 .1051
.0115 .1423
.0125 .1720
.0179 .2295
.0294 .2900
.0304 .3380 H. H

12 .0395 . 38i0 9.&
14 .0656 .4200 7.55

.0855 4.77
:; .1061 ,:2 S.64
20 .1259 .3670 2.92

(fenter of
preemre

coefficient.

0.052
–6. WI

.536

.435

.412

.403

.393

. S78

.376

. S81

.386

.435

.428

.427

.424

Upper phme . . . . ..- . . . . . . . . . . . . . . . . ..- . . ..- . . . . . . . ..-..”.V. C.one-third lifting.
Lower pke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..R. A. F.6.
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...3 inches.
Spm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8tichea.
Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3tiches.
S~r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Nprcentne&tive.
Deca@ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Upper plane wt at 1P le~ incideri~ tin lo~er.
&~ed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Wtiea~rhom.
Reference tie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Chord of lower plane R. A. F. 6. “
Centirti pm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Atchordoflowrplw.

1
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Parker biplaneA’o.k
-

A#J&f

(degreeE).

Liftco-
r?fficicmt

(allsoluto).

Center of
premure

cOefEcient.
Lift./drag.

. “i”

~ - - -- -----

~: y;

+ :990
. %53
.655
.512
.481
.463
.452
.437
. 43P
.430
.433
.468

:%
.453

0.0251
. 0212_
. 01S6
.0169
.0165
.0153
.0130
.0173

-0.0495
- .0090

.0312

.0686

.1076

.1427

.1764

.2073

.2380
e2944
: W::

.4616

.4845

.4485

. 42!0

.4022

–1. 97

–1: ‘w
;“.4.05

6.52
“-W 06

11.QL
: u?. 01
, J.2.29

11.85
10.99
“9.86”

,..8.88
‘-;6.84

.-
$.:

‘“2.85

.0194

.0243

.0321

.0415

.0520

.0709

.1005

.1226

.1412
- . . . . . . . . .. . . .. ..

Upmrnlane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..V. C.two-thirds liftirxz.
..— ~, —.. .

~~er~lane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..R. A, F.G.
cbd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3hclMa.
span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Mhches.
Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3inchm.
S@er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..20per cent negative.
hm* . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Upper plane W at ~ less inciclcrwe than lower,
fiwced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. SOtiloHwr hour.
Reference line . . . . . . . . . . . . . . . . . . . . . . . . ..~. . . . . . . . . . . . . . . ..kdof lower plane. R. A. F.6.
@nterof pmm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..At chord oflower plane.

Parker biplaneNo. .4.

A$::;f Drag co-
efliclent

(degreeaJ_. (abaolute).

Center of
presaurc

coeflkient.

. -—— —

0.0831
.0234
. ~347
.0221
.0205
.0198
.0197
.0200
.0206
.0224
.0278

: go
.0547
.0722
.0829
.0898
.1051
.1391
.1578

-0.0652
– .0275

.0116

.0472

-L 97
– .97

.47
2.14
4.00
5.87
7.76
9.52

10.84
lL 35
11.27

.10.63
%73
8.81
7.19
6.32
5.87
6.14
3.06
2.61

0.159
– .WA1

2.824
.962

m%”

.1631

.1903

.2284
.2536
.3136
.3720
.4275
.4820

.712

.614

.667

.534
.511
.498
.481
.472
.464
. 463_
.489
.517
.534
.557
.498
.491

.5180

. 520L

.5275

.5395

.4255

.4120

.
Upper plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. J’. C.L..
hwrplane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..R. A. F.6.
chord . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 incheo.
span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8ticlwH.
Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3kches.
Stwyx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..M percent negatiw.
Decfi~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Upptn’plane*t at4“greaterinci~enwthan tower.
Air sped . . . . . . ... . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . ..Wtieapr hour.
%bmnm & . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Chord of lower plane, R. A, F. 6,
Center of preeeum “At chord of lo~plane,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Parker biplane No. 6.

Lift co-
dlicient

(abmlute).

I
---- ..—-—. ._

Angle of
attack

(Clegrcea).

J3r~ co-
efiaent

(absolute).

C&ter of
prwaure

WefIicient,
Lift/chg..

o.OEM
.0109
.0094

. ..0089
. “0039

-0.0601
– .0274

.0097

.0478

.0840

.1133

.1442

.1735

.2014

.2680

.3080

. S580

.4110
.. Woo
.3870
.3860

0.164
.291

– .039
.127
.153
.145
.144
.150
. Ml
.158
.164
.175
.189
,214
.233

. ~m

b. 41
lL27
12.21
n. 60

%:
lcl 48

:E

., .0101
.“011!3
.0138
. 0U33
.0223
.0264
; l):)

.0886

.1127

..1328

.,. . . .. . . . . . .— ..- ..

LTp~pIRne. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..--... R. A. F.6.
Lower plane... ----. . ..- . . . . . . . . ..-... ---.. --. ...V.C.EL
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 incllee.
!span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18 inchee.
Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 inchee.

-.

.. --

Stagger.. . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . .20 per cent pcwitive.
DecaIage . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..". . . . . . . . ..kwerplanewtat2~0 leaeinc.idenca thmup~r.
fi8~d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3oti&~rhOur. -
Reference line ---. ----- . ..---- .- . . . ..- . . . . ..--... Chord of R. A. F.6.
Center of pr~ure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .At chord of lower plane.

Park bip.?ul16NO. 6.

1Angle of
attack-

(degrees).

-3
-2
-1

0

;

:

“:

18

H

::
20

Drag ~0-
efliclerlt

(abeolute).

Lift Co-
efficient

(abeoluta).

Center of
preawre

Cc@3icient.
Lift/drag.

0.0161
.0138
.0124
,0108
.0106

-0.0437
– .0198

.0107

.0481

–3. 10
–L 44

.86
4.45

1:!
‘“12.67

13.22

H
lL 24
10.33
9.05
7.81
4.77
3.57
2. !?9

–o. 021
– .207

.725

.275

.219

.206

.198

.192

.0841
a .1153
,.M30

.1345

.2130

.2420

.0107

.0121

.0140

. OU30

.0195

.0264

.0340

. la

.179

..176

.179

.180

.182

.2864

.3510

.3955

.4355

:E
.3980

.0437

.0558

.0387

.11.50

.1333

.194

.229

.242

~p~rplane.. -... _. . . . . . . . . . . . . . . . . . . . . . . . . . . ..R. A. F.6.
Lower plane ---. -.. -- . . . . . . . . . . ..-.. --. - . . . . . . . ..V. C.one-”ihird lifting.
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 inchee.
Span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8ti*w.
Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 inchee.
Sta~er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l . . ..2oper~tp~ti~e.
Dedage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..h.wpkn~mt atl~0Iwbcidence t.han upper.
h’ Speed . . . . . . . . . . . . . . . . . . . . . . . . ----------- . . . . 30 miles twr hour.
Referenceline .------ ..- . . . ..- . . . . . . . . . ..- . . . . . .. Chord of-R. A.F. 6.
~terofprmw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. At&Ord&~O~~p]~e.
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Puh biph.e No. 7.

I
–4

:! ‘
-1

0
1.
2

:

:

:
14
lb
16

:

0:p4&

.0182

.0160

.0149

.0141

.0147

.0164

.0185

.0241

.0314

.0393

.0408

.0620

.0726
:Oag”

.1465
1

Lift Co-
efficient

(abeolute).

-0.0391
- JliJ33

.0662

.1022

. 13fJ5
; ~;

.2330

.2912

.3464

. 44X35

.4520

.. 49Wl

.5160

.4910.

.4610

.4400

Lift[drag.
Cent8r of

S?::t.

–L 61
.- .17

1.70
:4.13

6.85
9.81

11.61
12.41
U. M

~i~

9:03

-0.277
-4.070

: ~6J

.333

.283

.260

.241
,226
.211
.211
.217
.218
.224
.224
.222
.239
.266

. . . ..-.. R. A. F.6.Uppei plane . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LowerpIane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. -.V. C.ltti-thirda lifting.
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 inchee.
~-.. ----. -.---. -..---. -... -.--.. ---. ---. --.--;:$~:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .
Sker . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..2Oper+tp&tir~.
Decaf.age. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . ... .@wr p~ne Mt at *“ Iwe inadence than upper.
ti.d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3 Otikmrho~.
fif~mltie . . . . . . ..- . . . . . . . . .. . . . . . . ... ... . . . . . ..mo~Of~RT A~F.6.
Center ofprawxre. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . At ChOId.Oflotii p~~i. ““”

Parka bipf.aruNo. 8.

An~Wekof Drag co-
efbent

(degree). (absolute).

t
0.0293
.0258
. 02S1
.0210
; 0193
.0186
.0139
.0193
. 020a
.0233
.0290
.0371
.0453
.0662

:%
.0914
.1100
.1230
.1680
.1915

Lift co-
efEcient

(abmlute].

–0.0835
–:sg

:~6

.1347

.1730

.2063

.2409
,2701
.3290
.3380
.4410
.4930

:%%
.5510
.5390
.5460
.4780
.4600

c!Onterof
Lift/drag, prea3ure

cOefRcienti
I

–L 32
-.18

L 32
s. 04
fi.10
7.29
9.14

10.70
11.64
‘l Loo
H. 33
10.46

k:

?:
6.03
4,91
k 26
2.33
2.35

–o. 407
–:::

.679

.425

.350

.309

.285

.265

.250

.237

.230

.231

.233

.237

.242

:%
.238
.276
.230

UrmerrJane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..R. A. F.0.. . . . .
bwaplm . . . . . . . . . . . . . . . . . . . . . . . . . . ..".". . . . . . ..v. cr L*. ..-
choti .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3in~~.
Span. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .18 inches.
Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . .3 inches.

.-

—

Stigger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20 per cent poeitive.
Decalage . . . . . . . . . . . . . . . ..- . . . . . . ---------------- hwer plane eet at ~“ greater incidence than upper.
Ati Pd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..30milm Prhour.
N-reline.. - . . ..- . . . . . . . . ..- . . . . . . . . . . . . . ..~ordof R. A. F.6i
Gntitip~ . . . . . . . . ... . . . . . . . . . . . . . . . . . . . ..~t**oflowaplme.

— —.



PARKER VARIABLE UAMBEE WING.

Park triplam No. 1.

t
1

CJ
I 1
1 ~
It :
i
I

5
6

,, 18

I

D% CO-

efiment
(abeolute).

0.0099
.0091
. 00s0
.0100
- 011s
.0129
.0154
-0229
.0275
.0861
.0504
.0824
. 10s2
.1265

Lift CO-
esicient

(absolute).

–0. 0163
.0162
.0506
.0796
.1020
. 1s92
.1660
.2172
.2656
.3116
- S600
.3735
. S675
. S6S0

Wti.

-L64
L 78
5.59
7.97
9.58

10.70
10.78
10.23
9.67

H
.4.60
3.39
2.87

Center of
mmure co
Wicient.

0.469
.281
.352
. S58
.359
.361
.356
.851
.247
. S48
.360
.405
. 4s5
.44-5

Top plane.. . . . . . ..- . . . . . . . . . . . . . . . . ..-. - . . . . . . . . . ..-...V. C.s.
ilfiddl eplrme. . . . . . . . . . . . . . . . ..-.. --.. - . ...’..... . . . . . . .. R. A. F.6.
Bottom plane . . . . ..--.. - . . . . . . . ..-. -- . . . . . . ..--.. -- . . . ..v. c-s.
~rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3tiches.
span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8hches.
Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 inches.
St~~r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Top and bottom planes eet 20 per cent of chord

behind middle plane.
m* . . . . . . . . . . . . . . . . ..-. ----. . . . . . . . . . . . . . . . . . . . . . . .Top and bottom planes eet at ~ lees incidence

than middk plane.
Air apeed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..30ties~r how.
Wfemnce lke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ordof R. A. F.6.
Center of premure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Atchord oftiddepbne.

Parkertripkln.$No. t.

Drag co- Lift co-
e8icmnt efficient

(absolute). (ah.wlute).

Centarof
p=ee?o

I

0.0146 –o. 0353 –2. 42 –o. 049
.0118 , 024S :OJ .870
.0110 .0386 .491
-0140 .1553 11:10 .433
.0161 .1828 IL 34 .422
.0186 .2076 lL 19 .406
.0246 .2620 10. 6S .837
. 0s25 .3160 9.72 .378
. 041s .3656 s. 86 . S72
.0518 .4102 7.92 . S73
.0778 .4290 5.52 .411
. Llotl .4128 s. 73 .440
. 132s . 4I)1O 3.03 .461

.. “+

.

Top plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V. C.one.tidlfi@.
Jfiddle plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..R. A.P. 6.
Bottom pkme . . . . . . . . . . . . . . . . . . ..-. - . . . . . . . . ..- . . . . . . ..-V. c.one-third lifting.
~ord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3kche#.
Spm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l8tiches.
Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3tick8.
S~r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Top and bottom phmes set 20 per cent of chord

behind middle pkme.
Decal~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Top and bottom planes eet at l~”Iem incidence

than middle plane.
-4ir speed . . . . . . . . . . . . . . . . . . . . . . . . ..--- . ..-. - . . . . . . . . . . ..3O miles perhour.
Refemnm tie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..Chti of R. A. F.6.
Center af pnwmre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..At chord ofmiddle plane.

w
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Ang.ng;f

(degrees).

Parker triplane No. 4,

D~~: Lift cm
etlicient

(absolute}. (abmluti).
1

0.0310
.0276
.“0227
.02r2
.0220
;Oz&

.031.2

.0385

.0483

.06s7

.0716

.0781

.0893

.0938

.1064

.1142

.1332

.1640

.1870

-0.0218
. 012Q
.0779
.1414
.2048
.2324
.2652
.3205
.3765
.4330

.5910

.5276

.4565

.4466

Liii/drag.

-0.70
... .47
-3.43
6:68
9.32
10.27
10,39
10.30
9.77
8. Q6
8.26
7.47
7.10

:E

kfi
3.96
2.78
2.39

Center of
W&m&@

–: ;:()

.927

.670

.666

. 5S6

.510

.462

.432

.450

.440

.434

.437

:%.
.473
.404
.441
.478
.437

Top plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..V. C.L.
Middle plane . . . . .. . . . . . . . . . .. -i.. . . . . ... . . . . . . . . . . . . . . . . . .R. A. F. 6.
Bottom plane . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . ..V. C.L.
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..8.hda.
span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18 inches.
Gap. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 inches.
St&r . . . . . . . . . . . ..% . . . . ... . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . ‘TOP and botf.mn phnefl mt 20 per cent of chord

–” hhind middle plane.
Decalage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Topmdbottim plmeBmt at30~a@rintidence

than middle plane,
Ah speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..3O milea perhour.
Reference line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Chofiof R. A.F. 6.
(!ent~r of prwure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i . . . . . .. Atchdoftiddlephe.

L~t/dragagaind irpeed.
. .

P;~krbipl~~ Parker biplane

“1 ‘IR. A. F. 6 biplanei Parker triplane. R. A. F. 6 tri-
forward dagger. plane.

7sped Llft@a& speed.

I 1,

----+ --l --1——l———i~
ift@rag.1 Speed. ~t/drag.l Speed. lLM@ag.1 Speed. @t/drag.l

+—-l-=-k--l-l I I
11%
14.24
m 40
15.60
15.40
13.’20
11.84
.10.80
9.13
8.18..-
7.60 ..

3.58 ;g”
2.42
1.90

~:m..

L 65 12.00
1,5(”” 13.20
L40 13.90
1.26 12.80.
1.14 10.Qo
1.06 10.35-
L 00 9.70

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .I

3.42 I 7.30
10.10

M lL30
1.95 13.15
L 80 U1.10
1.69 12.60

10.28
i: 9.35
L 10
L 05 H!
1.02 6.55
LOO 5.26

3.68
2.42
L 90
L 65
1.50
1.60
L 26
L 14

;:
. . . . . . . .
. . . . . . . .

. .

. .

2.10

t:
11.26
12.40
E. 90
lL 70
10.’70

9.90
9.10

. . . . . . . .

. . . . . . . .

.

.-

—-.-. ...”” .- ””--
.—



PARKER VABIABLE CMMBER WING.

D@ctiun of & uno%rowioadn.

Load. Deflection.

In inehee, at dfatance from leading edge of—

tumber !r:rd
Ifflying
loach. (pOurlde). 11 inches 12 *M ~ ~cheg M jnchea 39 inchw 60 fllqhee

(front
epar). (A). (B). <0 (re~r)o &_),

1 32.6 0 0 0
2

0
67.0

0 0
0 .066 .081 .061 0

100.6
–. 020

0 .082
:

. 1s0 .111 0
1s4. o

-.060
. 1s7

5
.178 .164 0

167.5
–. 103

: .186 . 22S .198 0
20L O

–. 105
0 . 2M .260

!
.228 0

234.5 0
-.088

.2U2 .266
:&

o
268.0

–. 085
0 .249 .306

: 901.5
–. 080

10
.985 .242 ;

335.0 :
–. 089

:% .427
11

.399
368.s Rib failed by bucklfng of channel flang~.

–. 082

0

I


